Spinal subdural hematoma (SDH) is a rare condition and can be caused by several factors. Concomitant cranial and spinal SDH is even much less common. We present a 77-yearold male patient with lower back pain, paraparesis, and urinary retention following a sudden onset headache. Imaging revealed concomitant cranial and spinal SDH related to cerebral venous thrombosis (CVT) associated with hemorrhagic venous infarct. Laboratory examinations were consistent with polycythemia vera. There was no history of trauma and previous cranial surgery. Brain angiography did not reveal any evidence of arteriovenous fistula or vascular malformation. Since lower back pain occurred shortly after the headache and there was no other reasonable explanation for spinal hemorrhage, we suppose that the mechanism of spinal SDH is the migration of blood from the intracranial compartment. Therefore, this is the first report of concomitant spinal SDH and cerebral hemorrhage associated with CVT in a patient with myeloproliferative disease.
Introduction
Spinal subdural hematoma (SDH) is a rare condition and is encountered in case of trauma, lumbar puncture, hemostatic disorders, including anticoagulation therapy, vascular malformations and prior spinal surgery [1] [2] [3] [4] . Concomitant cranial and spinal SDH are extremely rare and the majority of the cases have previously had cranial surgery [3] . Here we present a case of concomitant cranial and spinal SDH in a patient with cerebral venous thrombosis (CVT) and polycythemia vera (PV).
Case Report
A 77-year-old male patient was referred to our clinic with lower back pain, gait disturbance and urinary retention. Two weeks before, he had had a sudden onset headache, nausea and vomiting, followed by back pain radiating to the legs developing within the following half hour. Cranial computed tomography was performed 3 h later and revealed an intracerebral hematoma spreading to the subdural space in the right temporal region ( fig. 1a) . Cranial MRI on the third day also showed a right temporal hematoma extending to the subdural space ( fig. 1b) . The headache subsided within 3 days, while the back pain worsened and gait disturbance with urinary retention developed.
At admission, the neurological examination revealed bilateral papilla edema and meningeal signs. Laseque's sign was positive bilaterally. The motor examination showed mild paraparesis. No sensory loss was found. Deep tendon reflexes were decreased and bilateral Achilles reflexes were absent. Flexor plantar responses were found. Urinary retention was evident.
MRI of the dorsal and lumbar spine revealed a SDH encompassing the whole lumbar spine ( fig. 2) . The hematoma seen as T1 hyperintensity was compressing the cauda equina fibers. The subdural location could be assessed by the presence of the hypointense dura demarcating the preserved epidural fat planes and limiting the hematoma. The patient's medical history was significant for hypertension and hyperlipidemia. He was a heavy drinker and smoker. He had been using 500 mg acetyl salicylic acid daily for 4 years. On laboratory examination, hematocrit level was 53.8% (37.0-50.0), leukocyte count was 20.6 10 3 /μl (4.0-11.0), granulocyte count was 17.5 10 3 /μl (9.0-17.0), platelet count was 821 10 3 /μl (150-400), erythropoetin level was 1.2 mlU/ml (2.59-18.5), the leukocyte alkaline phosphatase score was increased. Bcr-abl translocation gene was negative, JAK2 V617F mutation was present. These findings were consistent with PV. Other laboratory tests to evaluate a clotting disorder were not performed. Phlebotomy and hydroxyurea therapy was started. There was no evidence of bleeding in other organs. Within 2 weeks of hospitalization, the lower back pain resolved, gait disturbance and paraparesis improved and he was discharged.
One week later he had a generalized tonic-clonic seizure resulting in left hemiparesis and he was readmitted. Cranial MRI showed a new right frontal SDH and a right frontoparietal hemorrhagic lesion. Superior sagittal sinus was hyperintense on sagittal T1-weighted images compatible with CVT ( fig. 3 ). Brain angiography did not reveal any evidence of arteriovenous fistula or vascular malformation and confirmed the superior sagittal sinus, right transverse and sigmoid sinus thrombosis ( fig. 4) . Because of massive cranial and spinal hemorrhages we preferred to proceed without anticoagulant therapy. After 3 weeks of hospitalization the patient was discharged with antiepileptics and hydroxurea. Blood parameters improved in the first 3 weeks.
One week later he had a seizure followed by worsening of the left hemiparesis and was admitted for the third time. Cranial MRI showed large white matter hyperintensity around the old hemorrhagic lesions of the right hemisphere on T2-weighted images ( fig. 5) . Because of the progressive worsening of the right hemispheric lesions and recurrent seizures, anticoagulant therapy was started. Four months later, the left hemiparesis improved. Anticoagulation was stopped after 1.5 years. At 2 years of followup, his neurological condition remains stable without seizures.
Discussion
PV is a myeloproliferative disorder manifested by overproduction of erythrocytes, granulocytes, and megacaryocytes. The incidence of thrombosis and bleeding in PV was reported to be 12-39 and 1.7-20%, respectively. In PV, arterial, venous or microcirculatory thrombosis may occur. The frequency of venous events is less than for arterial ones. Bleeding manifestations in PV include ecchymosis, epistaxis, menorrhagia and gingival hemorrhage, all present in the skin and mucous membranes, suggesting defective primary hemostasis [5] .
Spinal hematoma is a rare neurological disorder. Because of its rarity, there have been no reported reliable data on the incidence of spinal hematomas. In a review of 613 spinal hematomas, published between 1826 and 1996, Kreppel et al. reported that 75% were epidural, 15.7% subarachnoid and 4% subdural [1, 6] .
Spinal SDH can be caused by several factors [1, 3, 4, [7] [8] [9] [10] [11] [12] [13] . In the largest series of nontraumatic acute spinal SDH, Domenicucci et al. [2] reviewed 101 published cases additionally to 5 of their own. The most common predisposing factor observed in 57 of 106 patients was coagulopathy (54%). Of these 57 patients, 37 were on anticoagulant therapy and nearly all of the SDH occurred following lumbar puncture (35/37) [2] . The origin of bleeding in spinal SDH is unclear. It may originate from a subarachnoid hemorrhage dissecting through the arachnoid membrane into the subdural space or a rupture of intraspinal vessels because of the sudden increase in intraabdominal and intrathoracic pressure [3, 4, 14, 15] .
Concomitant cranial and spinal SDH is even much less common. Jain et al. [3] published a case report and reviewed 11 cases published previously. The majority (9/11) of the cases of concomitant cranial and spinal SDH either had previously had cranial surgery (5 cases), or a history of trauma (4 cases) [3] . Lee et al. reported 15 cases of spinal SDH after cranial surgery including their own [4] . A case of cranial and spinal SDH after epidural anesthesia has recently been reported [14] .
Although the actual mechanism of concomitant cranial and spinal SDH is not completely understood, the most commonly accepted hypothesis assumes a downward movement of blood from the intracranial space caused by gravity [3, 4, [8] [9] [10] [11] [12] [13] [14] [15] [16] . This is possible due to the presence of an anatomic continuity between the cranial and spinal subdural space. In one case of cranial SDH, a redistribution of hemorrhage to the spinal subdural space has been implicated as a mechanism responsible for the rapid resolution [16] . The presence of blood in the posterior fossa, evident in some of these cases, was also thought to support the migration theory [3, [10] [11] [12] .
In the available literature, only 3 cases of concomitant cranial and spinal SDH with no history of trauma and previous cranial surgery have been published. Yamaguchi et al. [12] reported a patient presenting with low back pain, numbness and motor weakness in both legs, and imaging revealed cranial and spinal SDH. The only predisposing factor was oral antiplatelet therapy in this patient [12] . Jain et al. reported spontaneous cranial and spinal SDH in a patient with severe thrombocytopenia due to aplastic anemia [3] . Yang et al. published a case of left frontoparietal and spinal SDH without any evidence of coagulopathy or vascular abnormality in the brain and spinal angiography [13] .
MRI studies of the present case showed concomitant intracranial and spinal SDH. There was no history of trauma and previous cranial surgery. Although the spinal MRI was performed 12 days later, lower back pain occurred within half an hour of a sudden onset headache, followed by paraparesis and urinary retention. This clinical correlation and the dissemination of the parenchymal hemorrhagic lesion to the frontal and tentorial subdural space, evident on the early brain CT and MRI, suggest that the mechanism of spinal SDH is the migration of blood from the intracranial compartment, similar to what has been reported in the literature.
In the present case, one underlying factor of concomitant intracerebral and spinal hematomas must be CVT associated with hemorrhagic venous infarct. Within 3 weeks, the brain imaging showed two parenchymal hemorrhages, subsequently T2 hyperintensities developed in the same region. At the same time, angiography revealed superior sagittal sinus, right transverse and sigmoid sinus thrombosis which could impair venous drainage of the right hemisphere. Therefore, we concluded that the hemorrhages developed secondary to cortical vein thrombosis. Hemorrhagic venous infarct is one of the most frequent initial presentations of CVT [17] . Massive subarachnoid hemorrhage might occur in the course of CVT [18] . In one of the 32 cases with CVT caused by other etiologies than Behçet's disease, recurrent lobar hematomas were a remarkable clinical presentation [19] . SDH is an unusual complication of CVT. Only two case reports have been published in the available literature. One is an aplastic anemia case which occurred during androgen treatment with tentorial SDH and CVT [20] . The other one is a case of chronic SDH resulting from CVT [21] .
Concomitant cranial and spinal SDH was the initial presentation in this case of PV. In the literature, there is one case of PV with spontaneous spinal SDH which was not related with thrombosis [22] . As far as we know, this is the first report of concomitant spinal SDH and cerebral hemorrhage associated with CVT in a patient with myeloproliferative disease. 
